Abstract. In the event of an impact with an automobile, pedestrians suffer multiple impacts with the bumper, hood and the windscreen. The characteristics of a vehicle's front end and structural stiffness have a significant influence on the kinematics and injury risk of the pedestrian's body regions, in a vehicle-to-pedestrian collision. In this present study, the injury risk of the pedestrian is investigated in an impact with a deformable vehicle front end model for the purpose of validating the developed model. A simplified vehicle front end model consisting of a multi body windscreen and a finite element cowl, hood and bumper is developed. The MADYMO human pedestrian multi body dummy model is impacted by the vehicle front end model at the speed of 40 km/h. The injury to the various body segments namely the head, neck, sternum, lumbar, femur and tibia is obtained.
Introduction
Pedestrian safety has become an essential issue in the field of vehicle safety regulations. More than 0.8 million people killed and 10 million injured annually in road traffic accidents globally are pedestrians [1] . In Malaysia, nearly 600 pedestrians were killed in road accidents annually since 2010, most of them being senior citizens and children. A report by the Malaysian police force shows that these statistics make up for about 10% of traffic fatalities [2] . MIROS, the Malaysian Institute of Road Safety Research which functions as a one-stop centre for the generation and dissemination of road safety information through the print media and concerted training programmes highlights that 40% of pedestrian casualties were children with at least 40% of them killed or severely injured [2] . Whereas the senior citizen pedestrians aged 66 up to 70 years made up the highest number of fatalities according to statistics. While pedestrian deaths only represented less than 10% of the total road accident fatalities each year, the number recorded was a cause for concern, and it also reported that pedestrians ranked third in road fatalities after motorists and motorcyclists [2] .
More than 70% of casualties take place due to the negligence of the pedestrians refusing to use the facilities provided or crossing roads at wrong places [2] . Although the total number of pedestrian accidents locally has decreased from 2006 to 2008 [3] , nevertheless it contributes to health and socio-economic problems in this country. Passive mitigation approaches through isolation techniques such as pedestrian bridges, road infrastructure, public education and traffic regulation have long been introduced in the attempt of reducing pedestrian accidents. This however does not provide a permanent solution as when the crash event occurs, these mitigation techniques does not lessen the injury severity sustained by the pedestrians [4] . Thus to address this issue, a more design inherent approach is required whereby the pedestrian protection provided is built-in to the vehicle design. Therefore this research aims to develop a simplified vehicle front end profile consisting of finite element segments and a multi body windscreen to evaluate the injuries sustained by the various body parts of the pedestrian in a collision. The validity of the vehicle model percentile male human multi body model is used to represent the senior citizen age group (Fig. 1a ). The pedestrian model each consist of 52 rigid bodies, organised in 7 configuration branches. The outer surface is described by 64 ellipsoids and 2 planes [5] . The first branch connects the head and thorax to the pelvis. The second and third branch connect the bodies of the left and right arm to T1(main body), respectively. The fourth and fifth branch connect the bodies of the left and right leg to the pelvis, respectively. The heels are each connected to the mid-foot joint by a separate branch [5] . This model has been extensively validated by TNO using cadavers, both by blunt impact tests on body segments and full body car-pedestrian tests [5] . Recent validation studies against published cadaver data have found multi-body models to be reliable for pedestrian kinematics and reasonably being able to predict the injury severity in the various body segments [5] .
Vehicle Front End Model
The simplified vehicle model is used to simulate the impact of vehicle to an adult pedestrian. The design and development of the simplified vehicle model consist of a series of non-iterative and iterative steps as shown in the Fig 2. A sample of the vehicle front end geometry for which there exists a set of validated test data is adopted from literature [6] . Figure 3(a) represents the vehicle front end profile which is divided into five parts, each part having its own property set based on experimental data and Fig 3(b) illustrates the profile of the vehicle front end which is taken from the Ford Taurus detailed finite element model developed by EASi Engineering for the National Highway Traffic Safety Administration (NHTSA) [7] . The simplified vehicle model is made to collide with the adult pedestrian at speed of 40km/h [8] [9] [10] . The pedestrian in impacted on the right side at the centreline of the vehicle as shown in Fig 1(b) . Acceleration due to gravity is applied universally to all models and an additional horizontal constant deceleration of 5m/s 2 is given to the vehicle to simulate braking. The axial neck force injury criterion is compared for verification as shown in Figure 5 . From the case model plot, the first and the third peaks are simulated well, having acceptably close magnitudes with that of the benchmark. Despite the second peak registering a lower value, nevertheless, the curve trend shows a close similarity. A neck compression force of 1850N as the maximum value is obtained from the simulation which proves to be below the threshold value of 4000N [11] . Fig 6(a) . Sternum acceleration -plot (b) Sternum acceleration -plot benchmark [6] Figure 6 displays the resultant chest (sternum) acceleration plot as well as the benchmark plot. It can be seen here that the curve trend is rather dissimilar. Since chest injury criteria is generally better represented by finite element dummies [6] , the dissimilarity of the curve trend could be attributed to use of the multi body dummy in the case model. However, this is not a major cause for concern as the peak magnitude obtained is close. The peak magnitude value obtained for both the cases is approximately 800m/s 2 . Fig 7(a) . Lumbar bending moment plot (b) Lumbar bending moment benchmark [6] For the lower back injury, it is clear that a general match is obtained for the curve trend where all three distinctive peaks are captured. Although the second peak magnitude is somewhat lower, the maximum value which is achieved by the first peak registers a very close value of approximately 350 Nm. The third peak is also simulated close to the benchmark value. displays the tibia (calf bone) acceleration plot. Some dissimilarity is to be expected for results as the construction of the bumper was done in a simple manner, not corresponding to the real vehicle structure. Nevertheless the plots above show a good matching to the benchmark plots in terms of curve trend and peak magnitude. The femur bending moment especially registers a closer match to the benchmark with a value of 340Nm.
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Conclusion
In this study, a MADYMO multi body adult human pedestrian dummy was impacted by a simplified vehicle front end model with given constraints. The simulation results were able to capture the plots for the acceleration, forces and bending moments close to that of the benchmark values. The peak magnitude registered in the neck, sternum, lumbar and femur injuries shows a very close match to the benchmark values. Overall a good correlation is seen to illustrate the injury severity obtained in the simplified vehicle model. Further work may be done to verify the model through crash kinematic validations.
